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(54) Hardcopy apparatus and method for providing uniform pressure to hold down media 



(57) A hardcopy apparatus comprising a media 
holddown unit, having a platen (400), and a vacuum 
source (700) for generating negative pressure on a 
medium positioned on said platen (400) to keep it flat on 
sard platen (400). the unit comprises at least two vac- 
uum chambers (382, 383, 690. 691. 692. 693), both in 
air communication with the vacuum source. Each of 
said vacuum chambers (382, 383. 690. 691 . 692. 693) 
can apply a negative pressure to a different portion of 
the medium positioned on a corresponding different 



region of the platen. A method for holding down a 
medium when placed on said platen. First the vacuum 
source is placed into independent air communication 
with a number of distinct regions of the platen, then the 
medium is isositioned to cover one or more regions of 
the platen, and finally a negative pressure is applied to 
the back of the medium via the independent air commu- 
nication. 
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Description 

[0001] The present invention g^erally relates to 
hardcopy apparatus, such as copiers, printers, scan- 
ners, facsimiles, and more particularly to improved 
media holddown devices for such apparatus. 
[0002] To reduce the effects of paper curl and 
cockle on dot placement during printing, conventional 
practice is to enploy sheet holddown devices such as 
electrostatic or suction devices. Cockle effect is the 
reluctance of the paper to bend smoothly. Instead it 
bends locally in a sharp fashion, creating permanent 
wrinkles. 

[0003] In an electrostatic holddown device, for 
example, paper fiatness Is maintained by establishing 
electrostatic attraction between a flat support plate on 
the printer and the back surface of a sheet to be printed. 
Likewise, in vacuum holddown devices, sheet flatness is 
maintained by providing suction between a support 
plate and the back surface of a sheet to be printed. It 
should be noted that, in either type of holddown device, 
direct contact of the holddown device with the printed 
surface is avoided to minimise ink smearing and other 
adverse affects on print appearance. 
[0004] Although conventional vacuum holddown 
devices are fairly effective in maintaining sheet flatness 
during printing, they have drawt)acks. One drawback is 
the complexity of maintaining the same holddown force 
along the entire width of the medium while printing, i.e. 
in the direction of the printheads motion. This is due to 
the losses of air that the conventional devices allow, 
causing the medium to be subject to different forces, i.e. 
forcing the medium to rotate while it is advanced in the 
direction of the media motion. 

[0005] This is particularly true in case of a large for- 
mat printer, prior art printers, like ENCAD PROe. a 60" 
wide printer, having a single vacuum channel/chamber 
extending along the entire platen may cause a number 
of drawbacks. 

[0006] In fact, inaeasing tiie size of the platen 
implies the increase of the number of different media 
sizes which might be handled by the same printer. For 
instance, a printer having a platen 60" wide may be 
used to handle not only media of the same nominal size, 
i.e. 60", but also smaller width such as: 50", 42", 24" or 
down to 8.5". 

[0007] So, when a medium having a smaller size in 
placed on the platen of such a printer two results may 
be obtained: 

a) the vacuum holddown system is capable of apply 
enough negative pressure to the back of the 
medium to keep it flat on the platen, but due to the 
tosses of air generated in the part of the platen not 
covered by the medium, the pressure is applied not 
uniformly in the printhead motion direction: 

b) the dimension of the air losses caused by the 
smaller medium is so big tiiat the air flow generated 



in the vacuum chamber not allow to apply a nega- 
tive pressure to the back of the medium, sufficient 
to hold the medium flat on the platen. 

5 [0008] A known method to overcome this problem 
has been disclosed in Falcon Color RJ-800C full color 
inl^et plotter available from Mutoh Industries Ltd. 
[0009] This printer employs a single vacuum cham- 
ber connected to a fan having at the end, further from 

10 the fan. a wall which is slidable in a horizontal direction 
to increase or reduce the dimension of the vacuum 
chamber itself. A pinch roller is mounted on this wall, to 
engage a border of the medium. The opposite border of 
the media is engaged by a second fixed pinch roller. 

75 located at one end of the print zone. When a medium 
having a different size is loaded in the printer, the fixed 
pinch roller engage one side of the medium, while the 
other pinch roller is slid laterally in one or the other 
direction to engage the other side of the medium. By 

20 moving the pinch roller, the wall is slid too, so that tiie 
vacuum chamber result in being fully covered by the 
medium and thus reducing to the minimum the air 
tosses that may cause the above drawbacks. 
[0010] However, this arrangement requires manual 

25 engagement of the medium, which may result in dam- 
ages to medium (ink transfer from hands to the medium 
or wrong engagement operation), loss of time, or wear 
of the wall which may cause substarrtial air losses. 
[0011] The present invention seek to provide an 

30 improved hardcopy apparatus and method of holding 
down a medium in the hardcopy apparatus. 
[001 2] According to an aspect of the present inven- 
tion there is provided a hardcopy apparatus comprising 
a media drive roller and a media holddown unit, such 

35 holddown unit comprising a platen, and a vacuum 
source for generating negative pressure on at least a 
portion of a medium positioned on said platen to keep 
said portion substantially flat on said platen, wherein tiie 
holddown unit comprises at least two vacuum cham- 

40 bers, both in air communication with said vacuum 
source, each of said vacuum chambers being capable 
of applying a negative pressure to a different portion of 
the medium positioned on a corresponding different 
region of the platen. 

45 [0013] This allows the hardcopy apparatus to han- 
dle a large variety of media sizes without affecting tiie 
capability of providing a fast, simple and clean loading 
system for tine apparatus. Furthermore no manual 
movement of mechanical parts of the apparatus is 

50 required when a medium having different size from the 
previous one is loaded. 

[0014] In addiction, the present invention can be 
particularly suitable to inl^et printers which preferably 
require a media to be periodically accurately indexed 
55 across a print zone defined in the printer for receiving 
the ink. 

[001 5] Preferafc>ly, the pressure generated in at least 
one of the two chambers is independent from the pres- 
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sure generated in the remaining chamber or chambers. 
More preferably, the p-essure generated in a number of 
the at least two chambers is substantially not affecting 
the uniformity of the pressure in another chamber of the 
at least two chambers. 

[001 6] In a preferred emtxxliment, a bypass conduit 
is ennployed to interface one of the at least two cham- 
bers to the vacuum source by passing the remaining 
chamber or chambers. Moreover, each but one of the at 
least two chambers is interfaced to the vacuum source 
by a substantially independent bypass conduit. 
[001 7] This helps to reduce any substantial air inter- 
ference with the remaining vacuum chambers, so that a 
more uniform negative pressure can be applied to the 
back of the medium. 

[0018] In a further preferred embodiment, at least 
one of the at least two chambers is connected to the 
correspondent bypass conduit via an aperture, substan- 
tially reducing the air circulation toward the vacuum 
source. 

[0019] The reduction of air circulation in the cham- 
ber helps the vacuum source to generate higher 
depression in the vacuum chambers. 
[0020] Preferably, the vacuum source comprises at 
least a fan and more preferably at least two fans in 
series, for maintaining a smaller diameter of the fan but 
increasing the total power of the vacuum source. 
[0021] Typically, substantially the same pressure is 
applied to each different portion of the medium. 
[0022] Viewing another aspect of the present inven- 
tion there is provided a method for holding down a 
medium when placed on a platen in a hardcopy appara- 
tus, comprising a vacuum source, comprising the steps 
of: placing the vacuum source into continuos and sub- 
stantially independent air communication with a number 
of distinct regions of the platen, positioning the medium 
to cover one or more regions of the platen, applying a 
negative pressure to the back of the medium via the 
independent air communication between the vacuum 
source and each region of the platen covered by the 
medium. 

[0023] Preferably, said negative pressure is sub- 
stantially uniformly applied to the back of the medium. 
[0024] The present invention will be described fur- 
ther, by way of example only, with reference to an 
embodiment thereof as illustrated in the accompanying 
drawings in which: 

Figure 1 is a perspective view of an inl^et printer 
incorporating the features of the present invention: 
Figure 2 is a more detailed diagram of a holddown 
system within the printer of Figure 1 ; 
Figure 3 depicts a portion of a first example of the 
holddown system of Figure 2; 
Figure 4 is a section of the main hardware compo- 
nents of the holddown system of Rgure 3. 
Figure 5 depicts a test curve of nominal values of 
the pressure applied to a medium vs. air flow pro- 
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vided by a vacuum device, employed in the hold- 
down system of Figure 3. in the rated voltage of 24 
V: 

Rgure 6 depicts the vacuum channel structure of 

5 the holddown system of Figure 3; 

Rgures 7, 8 and 9 are a diagram views about how 
the air flow is circulating within tiie vacuum chan- 
nels of the holddown system of Figure 3. 
Rgure 10 depicts the vacuum of a second example 

10 structure of the holddown system. 

[0025] Referring to Figure 1 , a printer 110 includes 
a housing 112 mounted on a stand 114. The housing 
has left and right drive mechanism enclosures 116 and 

IS 1 18. A control panel 1 20 is mounted on the right enclo- 
sure 118. A can-iage assembly 100 illustrated in phan- 
tom under a cover 122, is adapted for reciprocal motion 
along a carriage bar 124. also shown in phantom. The 
carriage assembly 100 comprises four inl^et prirrtheads 

20 102, 104, 106, 108 that store ink of different colours. 
e.g. t>lack, magenta, cyan and yellow ink respectively, 
and an optical sensor 105. As the carriage assembly 
100 translates relative to the medium 130 along the X 
and Y axis, selected nozzles of tiie printheads 102. 104, 

25 106, 1 08 are activated and ink is applied to the medium 
130. The colours from the three colour printheads are 
mixed to obtain any other particular colour. The position 
of the carriage assembly 100 in a horizontal or carriage 
scan axis (Y) is determined by a carriage positioning 

30 mechanism with respect to an encoder strip, (not 
shown). A print medium 130 such as paper is positioned 
along a vertical or media axis by a media axis mecha- 
nism (not shown). As used herein, the media axis is 
called the X axis denoted as 101. and the scan axis is 

35 called tiie Y axis denoted as 103. 

[0026] Referring now to Rgure 2, an holddown sys- 
tem is globally referenced as 200. Such a holddown 
system 200 is located between the left arKl right drive 
mechanism enclosures 116 and 118. The width of tiie 

40 holddown system along the Y axis is at least equal to 
the maximum allowable width of the media. In this 
example it should allow the employment of medium hav- 
ing width up to 36", i.e. 914 mm. In a different embodi- 
ment the hold down system may allow the employment 

45 of medium having width up to 60 inches or more. A 
more detailed description of tiie various components of 
the holddown system 200 will be made further with ref- 
erence to Rgure 3. The Inkjet printheads 102, 104. 106. 
108, are held rigidly in tiie movable callage 100 so that 

so the printhead nozzles are above the surface of a portion 
of tiie medium 130 which lays substantially flat on a flat 
stationary support platen 400 of said holddown system 
200. 

[0027] With reference to Figure 3. the flat platen 
55 400 is shown in more details, and is located in a front 
position of the printer 110 and co-operate with a main 
driving roller 300. in the following identified also as the 
main roller, located in a rear position, and a plurality of 
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pinch wheels 310, in this example 12 pinch wheels 310 
are eniployed. which are controlled to periodically index 
or convey the medium across the surface of the platen 
400. The force between each pinch wheels 310 and the 
main roller 300 is comprised between 3.33 N and 5 N, 
preferably 4.15 N. 

[0028] This pinch wheel distribution and force helps 
to drive the medium 130 straight with irrelevant lateral 
slippage, to share the medium 1 30 expansion on all its 
width. In fact has been observed that printers with low 
forces, e.g. about 1 N, allow media expansion accumu- 
lates in a particular place and this may cause a wrinkle 
to get so big to create a crash of the printhead. 
[0029] The main roller 300 is provided with a con- 
ventional surface having a plurality of drcumferencial 
recesses 305 housing a corresponding plurality of pro- 
trusions 405 of the platen 400 extending towards the 
rear of the printer 110. This combination of features 
allows the medium 130 to reliably move from the main 
roller 300 to the platen 400 and vice versa. In fact the 
gap between the roller 300 and the platen 400 may 
allow an edge of the medium to engage the back of the 
platen itself causing a paper jam. 
[0030] The printer 110 comprises, a vacuum 
source, in this case a fan 700 shown In Figure 7. con- 
nected to the atmosphere through a plurality of holes, or 
apertures, 330, 350 and a vacuum chamber globally 
referred as 380; such vacuum source generates an air 
flow by sucking air from the atmosphere. 
[0031] Referring also to Figure 6 and 7, the struc- 
ture of the vacuum channel 380 will be described in 
more details. A connecting conduit 650 is connecting 
the fan 700 to the vacuum channel 380 which extends 
below the platen 400 along all the print zone of the 
printer. Such vacuum channel 380 comprises a plurality 
of vacuum chambers, each one has been designed as 
to maintain a certain negative pressure, or allowing a 
certain air circulation, in the chamber without substan- 
tially affecting any air flow or negative pressure which 
may be present in other chambers. In Figures 3 and 6 to 
9, vacuum channel 380 comprises 2 chambers 382, 
383, which are both connected by a unique dose con- 
duit 650 to the same fan 700. 

[0032] The first chamber 382 is straightly laying 
directly below a first region of the platen which in this 
example is wide 24" in the scan axis direction. 
[0033] The second chamber 383 lays next, but sep- 
arated by a wall 385. to the first chamber 382 and 
extend it to the end of the platen. The second chamber 
383 is straightly laying directly below a second region of 
the platen, which is, in this example 12" wide in the scan 
axis direction. A bypass conduit 381 extends below the 
first chamber 382 and the second chamber 383 for alt 
the width of the platen 400. putting in communication 
the second chamber 383 with the connecting conduit 
650. 

[0034] According to this example, the second 
chamber 383, 12" wide, and the first chamber, 24" wide. 
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provide the 36" platen 400 with vacuum along its com- 
plete extension. 

[0035] Referring back to Figure 3. 

[0036] Due to the pressure differential between 

5 atmosphere pressure on the surface of the medium 1 30 
and the vacuum applied through the vacuum channel 
380 and the holes 330, 350 to the back of the medium, 
the portion of the medium 130 close to the holes 330. 
350 is suckingly adhered to the platen 400. 

10 [0037] In order to reduce the losses of air from the 
vacuum channel 380. the holes 330, 350 are distributed 
at a certain distance from the main roller. According to 
this embodiment a plurality of first holes 330 lays in a 
line at a distance comprised between 10 mm and 30 

15 mm. preferably 19 mm and a plurality of secondary 
holes 350, distributed preferably in line. 
[0038] Furthermore, the platen 400 is provided, 
according to this preferred example, with a plurality of 
substantially linear grooves having one end doser to 

20 and the opposed end further from the main roller 300. 
Such grooves are linked together to form a continues 
slot 320. which crosses substantially the whole width of 
the platen 400, where such a continuous slot 320 is 
an-anged to have a waved shape. 

25 [0039] The plurality of first holes, or slot holes 330. 
having a diameter comprises between 1 .5 mm and 3.5 
mm. preferably about 2.5 mm. are then distributed 
inside the waved slot 320, and in this embodiment are 
preferably located in the further part of the slot 320 with 

30 respect to the main roller 300. 

[0040] The size of the vacuum channel is a further 
parameter rele^nt to apply the proper vacuum to the 
back of the medium. Experiments run by the Applicant 
have shown that the surface of the sum of the squared 

35 sections of the vacuum chamb^s 332. 383. as depicted 
in Figure 3. is preferably bigger than the sum of the sur- 
face of all the apertures 330. 350 distributed within the 
platen 400. More preferably the sum of the sections of 
the chambers 382. 383 is as big as twice, or more, the 

40 sum of the surface of all the apertures 330. 340. In this 
calculation instead of taking into consideration the 
squared section of the second vacuum chamber 283. 
the squared section of the bypass conduit 381 is provid- 
ing a better approximation, since is this dimension 

45 which is actually influencing the air flow speed or the 
amount of negative pressure available in the second 
chamber. As shown into the drawings, the section of the 
bypass conduit 381 is smaller than the section of the 
first chamber 282 since the first chamber 382 is con- 
so nected to atmosphere through a first group of holes (first 
and secondary holes 330. 350) distributed on 24" of 
platen, while the bypass conduit 381 is connected to the 
atmosphere through the second chamber 383 and a 
second group of holes (first and secondary holes 330. 

55 350) distributed on the remaining 12" of platen. 

[0041] Referring to Figure 7, the behaviour of the 
vacuum unit is shown. When the fan 700 is operating 
and no media is placed on the platen 400. air is sucked 
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through the various holes 300, 350 placed on the platen 
400 and two si^stantially Independent air flows are 
generated. A first air flow 710 is guided within the first 
vacuum chamber 382 while a second air flow 720 is 
guided within the second vacuum chamber 383 and the 
vacuum bypass 381 . both towards the fan 700. The two 
air flows 710, 720 are mixed together at the entrance 
into the connecting conduit 650 and finally end in the 
fan, which expulses the sucked air into the atmosphere 
again. According to the drawings the air flows mixes at 
the very end of channel 380 and this cause a small loss 
of pressure in the pressure generation. However, 
because the length of the bypass 383 and the first 
chamber 382 compared to the length of the zone where 
the two air flows are mixed is very big, ttie non-uniform- 
ity would be hardly noticeable. 

[0042] With reference to Figure 8, a 24" size 
medium is placed onto the platen, in correspondence of 
the first vacuum chamber 382 and covering all the aper- 
tures of the platen available in the first region. Thus, in 
the first chamber 382 the first air flow 710 becomes of 
negligible intensity and the action of the fan is converted 
into a uniform negative pressure applied to the back of 
the medium. At the same time, being the apertures in 
the second region of the platen 400 still free from obsta- 
cles, the second air flow 720. is still free to circulate in 
the vacuum channel 380, but only through the second 
chamber 383, the bypass 381, without substantially 
affecting the uniformity of the pressure provided in the 
first chamber 382. 

[0043] With reference to figure 9, a 36" size medium 
is placed onto the platen, in correspondence of both the 
vacuum channbers and closing all the apertures availa- 
ble in the first and the second regions of the platen 400. 
In this case a uniform negative pressure is generated In 
all the vacuum channel 380. I.e. in the first and second 
vacuum chambers 382, 383 and in the bypass 381 . 
[0044] The length of both chambers as well as the 
power of the vacuum has been carefully dimensioned in 
order to allow a big variety of media sizes to be loaded 
onto the printer. 

[0045] For instance if a sheet of 8.5" (A4 size) is 
loaded on the first region of the platen a certain number 
of free apertures (not covered by the sheet) allows the 
generation of an air flow in the first chamber. However, 
thanks to the reduced dimension of the chamber (24" 
and not 36") the fan 700 is still able to provide the back 
of the sheet with sufficient uniform negative pressure for 
correct operations. 

[0046] Referring now to Fig. 10, in a different 
embodiment, e.g. a printer 60" wide, the platen is be 
divided into 4 regions,, placed side by side in the scan 
axis direction, having sizes equal to 36", 6", 8" and 6", 
to more precisely handle medium having sizes of 36", 
42". 54" and 60". 

[0047] As in the previous exanrtple, the vacuum 
channel 380 comprises 4 vacuum chambers, 690, 691 , 
692, 693, distributed side by side, and separated each 
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other by a wall 685, having width of 36", 6". 8", 6"; each 
region is placed in correspondence of one of the 4 
regions defined on the platen 400. In this case all the 
vacuum chambers are connected to the vacuum conduit 
5 650, each one, but the vacuum chamber 693 closer to 
the vacuum source, by means of an independent 
bypass conduit. 680. 681. 682. 
[0048] Figure 10 shows how the different bypass 
conduits 680, 681, 682 may be distributed in the vac- 
10 uum channel. It is know that to make a common fan to 
work at high-pressure levels the incoming air flow 
should be small. In fact fan behaviour is defined by a 
function that relates airflow versus pressure/depression 
(tt depends on how the fan is working). 
15 [0049] Thus, to reduce the amount of air that goes 
into the fan each vacuum chamber is connected to its 
bypass conduit by means of a narrow bypass aperture 
660. In this way if no air flow is generated (the medium 
covers the apertures on the platen) there are no pres- 
to sure losses. When there is some air flow, the bypass 
aperture is so small that the pressure losses grow very 
rapidly, thus making the air flow through (and so 
towards the fan) it very small. 

[0050] In this case, since there is a wider first vac- 

25 uum chamber 693 and it is stilt required that sufficient 
negative pressure is applied to the back of media of 
small size (e.g. 8.5"), the vacuum source has an 
increase power. For instance the vacuum source may 
comprises a first and a second fans, placed in series. 

30 both of the same power of the one employed in the first 
example. However, such fans may also placed in paral- 
lel. This allows to obtain an increased power but main- 
taining the same small diameter of the fan. 
[0051] In a further emtxxiiment. the vacuum chan- 

35 nel comprises an increased number of independent 
vacuum chambers of limited dimensions, connected to 
the atmosphere through the plurality of apertures pro- 
vided on the platen 400. Each independent chamber is 
also connected to a bigger common vacuum conduit via 

40 an additional narrow aperture. The vacuum source is 
directly connected to said common vacuum conduit. 
[0052] Due to the reduced dimension of the addi- 
tional apertures connecting the independent chambers 
to the common conduit, a very limited air flow is gener- 

45 ate in the common conduit even when no media is 
placed on the platen apertures relative to an independ- 
ent chamber. Thus, the comnrton vacuum conduit is 
capable to maintain a uniform negative pressure also 
when an independent chamber have pressure equal to 

so 0 (no media is present on top of it) or to provide an inde- 
pendent chamber with substantially its same pressure 
when its corresporxJing platen apertures are closed by 
media. 

[0053] Returning to Rgure 3. it is important to note 
55 tiiat since the main roller 300 is not included within the 
vacuum channel 380, the vacuum can be only directly 
generated at a certain distance from the main roller 300 
itself. However, if the slot 320 is included in the unit 
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when the vacuum source is activated and in presence of 
a medium on the platen 400* the vacuum can be 
expanded along ail the slot extending the vacuum closer 
to the main roller 300. 

[0054] In this application extending the vacuum s 
means that the vacuum generated at one aperture, 
which is normally supplied to an area of the back of 
medium, is now supplied to an area of the back of the 
medium which is at least 10% bigger, preferably bigger 
than 500%. io 
[0055] This helps in more uniformly apply the vac- 
uum to the t>ack of the medium, reducing the risk of hav- 
ing peak of vacuum that may crease the medium. 
Furthermore, thanks to the slot 320 there Is no need to 
conventionally include the main roller 300 into the vac- is 
uum channel 380 and this means that: a) the air losses 
are minimised, since in conventional systems, having 
the main roller included in the vacuum channel, mosX of 
the air is lost around the main roller itself; b) the air flow 
is forwarded towards the main roller 300, meaning that 20 
a print zone 450 can be defined closer to the main roller 
300; and c) the dimensions of the vacuum channel can 
be better controlled, giving more design freedom for 
designing the holddown system. 

[0056] According to the above, it is possible to print 2s 
closer to the edges of a cut medium. In fact the medium 
can still be indexed by the main roller 300 and the pinch 
rollers 310 even when we are printing close to the very 
end of the medium itself. 

[0057] Applicant's extended tests have revealed so 
that a width too wide of the slot can reduce the capabil- 
ity of maintaining the medium sut)stantially flat while 
printing, so affecting the printing quality. On the con- 
trary, a width too narrow and/or an insufficient depth 
may affect the air flow direction, i.e. the vacuum force is 35 
not extended close enough to the main roller 300. 
[0058] Furthermore, high vacuum may crease the 
paper especially if the grooves of the slot 320 are wide 
and run parallel to the paper advance direction. There- 
fore is advisable to run the grooves at about 45** respect 40 
to the media axis X and optimise the slot width to mini- 
mise creases in the paper arKi to evenly distribute the 
vacuum. In addition, if the groove is parallel to the 
advance direction, it may make the ink to migrate and 
create localised dark areas. 45 
[0059] This means that it is not necessary that the 
plurality of grooves are linked together in order to form a 
continuous slot for achieving the above advantage. 
[0060] Accordingly, the slot 320 has a depth deeper 
than 0.5 mm. preferably 1 mm. and a width comprises so 
between 3 mm and 8 mm. preferably 5 mm. 
[0061 ] However, the corYtinuous shape of the waved 
slot 320 helps the holddown system 200 to evenly dis- 
tribute the vacuum along the print zone 450. In fact, an 
interrupted sequence of grooves may create areas, hav- ss 
ing a reduced vacuum, which cross the complete print 
zone 450. in the media axis direction X. This may force 
the ink applied in those areas to migrate and create 
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localised dark or dear px)rtions In the printout. 

[0062] Further from the waved slot 320, along the 
media axis (X), the platen 400 is provided with a plural- 
ity of secondary recesses 360, distributed in one line 
along the scan axis (Y). In this example each recess 
360 is composed by two parts, a first one sut>stantially 
squared and a second one substantially triangular, 
where the triangular part lays on a plane which deeper 
than the plane on which the squared part lays. 
[0063] Furthermore, each squared part is provided 
with a secondary hole 350, having a diameter com- 
prises between 1.5 and 2.5 mm, preferably 2.0. Such 
sequence of secondary recesses 360 is combined with 
a sequence of overdrive wheels 340, forming a second- 
ary roller 345, such that a group of 3 consecutive sec- 
ondary recesses 360 is disposed between two 
consecutive wheels 340. Such a secondary roller is 
housed in the vacuum channel 380. 
[0064] Thus, this holddown system 200 comprises 
12 overdrive wheels 340 equally separated along the 
scan axis (Y) to supply equal traction to each part of the 
medium. 

[0065] In this description an overdrive wheel may 
mean a single wheel as well as a plurality of wheels In 
strict contact one to another, in order to build a wheel 
having a larger width. 

[0066] A secorKlary recess 360 is distanced by 
each adjacent element, both a further secondary recess 
360 or a wheel 340, by a rib 370. The ribs are employed 
to reduce the risk of generating cockle wrinkles which 
may extend towards the print zone 450. 
[0067] Accordingly, two consecutive ribs 370, hav- 
ing a preferably height of 1 mm, are distanced one to 
another by a distance comprised between 15 mm and 
25 mm, preferably atxtut 20 mm If the two ribs 370 are 
separated by a secondary recess 360. 
[0068] The plurality of secondary holes 350 pro- 
vides the vacuum channel 380 with further apertures for 
the air flow generated by the vacuum source. 
[0069] Since the air flow between the top of the 
platen 400 and the back of the medium 130 may gener- 
ate noise In corresporxlence of the secondary holes 
350, the particular shape of the recesses 360 helps to 
provide the air flow with a smooth transition, reducing 
the resulting noise. 

[0070] As for the slot holes 330, the vacuum gener- 
ated In correspondence of the secondary holes 350 is 
extended, in order to apply a negative pressure to most 
of the medium 130 laying on the platen 400. The vac- 
uum is extended particularly due to the presence of the 
overdrive wheels 340, and the ribs 370, which aeate a 
larger empty space between the medium 130 and the 
platen 400. 

[0071] Furthermore, the design of this part of the 
holddown system helps the printer to reduce the cockle 
effect on the printout. 

[0072] Tensioning the paper in the feeding direction 
intuitively does not help, because cockle wrinWes 
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mainly extend in the feeding direction as well. Anyway, 
overdrive forces can reduce the height reached by the 
cockle wrinkles by as much as a half. In addition, it was 
noted how the paper works in compression, some very 
thin papers may even buckle and create loops between 
the main roller 300 and the print zone. 

[0073] This means that the presence of a second- 
ary roller 345, having the function of tensioning the 
paper during the printing operation, may help in control- 
ling the occurrence of the cockle wrinkles in the printout 
[0074] However, it should be kept in mind that such 
a secondary roller 345 provide the printer 1 10 with more 
capabilities, which will be described further. 
[0075] In this portion of the platen 400, vacuum is 
furnished through the plurality of holes 350 and the gap 
between each overdrive wheel 340 and its surrounding 
portion of the platen 400. 

[0076] Vacuum is used to provide the force between 
medium and overdrive wheels 340; the design has been 
done in such a way that it can provide the required force 
to the overdrive wheel 340, preferably comprised 
between 0.6 N and 1 N, in this example 0.8 N per each 
wheel 340, without employing starwheels. Elimination of 
stanMieels is an important issue since it helps to avoid 
a) the risk of damaging the printout with starwheel 
marks, b)the need to employ a mechanism or a struc- 
ture to hold the starwheels themselves. 
[0077] In addition, according to this example, in 
order to transmit the proper traction force to the 
medium, the overdrive interference, i.e. the distance 
between the surface of the platen 400 and the top of the 
a overdrive roller 340, is preferably maintained between 
0.3 mm and 0.6 mm. Below 0.25 mm the traction falls 
quickly, towards zero traction at zero interference; if the 
interference is bigger than 0.65 mm, wrinkles created by 
the overdrive roller 340 can exterKi to the print zone 
450. 

[0078] In Figures 2 and 3 it is also shown a first ref- 
erence sign 390. according to this example. In the form 
of a phantom line, but any kind of suitable reference can 
be enployed, e.g. a continuous or dotted line. This first 
reference 390 is traversing all the platen 400 from the 
right to the left side in the scan axis (Y) direction. Pref- 
erably the first reference 390 is tangent to the slot 320, 
on the side closer to the main roller 300. and it could be 
in colour and/or in under-relief. This feature is used pref- 
erably in combination with a second reference 392. 
placed at one side end of the platen 400. The second 
reference is traversing the platen 400 in the media axis 
(X) direction, preferably starting from the first reference 
390 to the end of the platen 400 further from the main 
roller 300. 

[0079] Accordingly, the user is provided with two 
references for placing correctly the edges of a cut media 
sheet, or a media roll, onto the platen 400 in order to 
load and feed the sheet into the printer 110. Particularly, 
the first reference 390 is providing the user with a refer- 
ence which can fully match an edge of the sheet, so 
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simplifying the loading operation. 

[0080] !n this emt)odiment a second reference is 
placed at one end of the platen 400, which is conven- 
tionally located at the right end of the printer, respect to 

5 the user placing the sheet. 

[0081] TTiis combination of references enhances 
the easiness of the loading operation by the user, reduc- 
ing the occurrence of inaccurate positioning of the 
medium, which may cause a paper jam, during the feed- 

10 ing or the printing phases. 

[0082] Referring now to Figure 4, it is shown the 
main roller 300 and one of the pinch wheels 310 co- 
operating with one protrusion 405 of the platen 400 
holding the medium 130. One of the overdrive wheels 

75 340, tensioning the medium 130 in the print zone 450. is 
also shown. From Figure 4 it is better depicted tiiat the 
vacuum channel 380 does not extend underneath the 
complete print zone 450, particularly the vacuum chan- 
nel 380 is partially overlapped by a portion of the print 

20 zone 450 which is less than 90% of the complete print 
zone 450, preferably less tiian 50%, and more prefera- 
t^y about 30-35%. 

[0083] Referring now to Figure 5, a diagram show- 
ing nominal values supplied by the vacuum source, a 
25 fan, employed in this example. Those values have been 
measured running the fan at its full power of 24 V. The 
pressure unit on the Y axis is Pascal and air flow unit on 
the X axis is m^/min. 

[0084] Vacuum required to eliminate cockle wrin- 
30 kles in a printer would be so high that is normally unfea- 
sible; in fact, high vacuum may suck the ink right 
through the paper and at the same time generate a lot 
of noise. 

[0085] The vacuum level has been preferably set 
35 between 380 Pa and 440 Pa. which can be achieved by 
a small fan, producing acceptable level of noise, i.e. 
about 65 dBA. 

[0086] Several test run by the Applicant have veri- 
fied that this level is enough for rigid roll paper, like high 
40 glossy photo roll, in order to flatten the curling during 
printing. In addition, it has been verified with many print 
modes that this level of vacuum Is unlikely to suck the 
ink through the paper. 

[0087] Five operational levels of vacuum have been 
45 defined for the following activities: 

Normal CAD printing 

21 V 

Thick paper and high density prints 
50 24 V 

Loading and cutting media 

22 V 

Holddown during cut sheet loading 
16V 

55 Managing tiiin Japanese rice paper, always 
14V 

[0088] According to Figure 5 and to tiie tests run by 
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the Applicant, one characteristic of the fan considered 
particularly valuable has been the capability of providing 
a pressure of 300 Pa, when the air flow is at about 0.5 
m^/min. 

[0089] Now reference is made to Figures 1.2,3 and s 
4 in order to describe how a medium can be loaded into, 
printed with and outputted from the printer 110. 

LOADING OPERATION 

[0090] A loading operation can be activated in a 
plurality of different ways. e.g. by a user selection of the 
operation from the front panel 120 of the printer 1 10, or 
more easily, as in this emtxxiiment, by opening the 
cover 122. 

[0091] Once that the loading operation is activated 
the vacuum source is powered on, at 16 V, in order to 
help the loading operation. 

[0092] In the following an example on how to load a 
cut sheet of media will be described. However a skilted 
in the art may appreciate that, similarly, a roll of media 
may also be load. 

[0093] In order to load a cut sheet of media into the 
printer, a user should place the top edge of the medium 
130 in correspondence of the first reference 390, and 
the top portion of the right edge of the same medium 
130 in correspondence of the second reference. During 
all this phase the vacuum on is helping the user in hold- 
ing the medium 130 adher^t to the platen 400. so that 
small adjustments in the position of the medium 130 can 
be done using only one hand. Accordingly, the risk of 
inadvertently damaging the medium 1 30 (e.g. due to fin- 
gerprints or to the fall of the medium 130 on the ground) 
are minimised. 

[0094] Once that the loading step has been com- 
pleted, the medium 130 Is fed into the printer for the 
printing phase. The feeding step may be activated in 
several ways. For instance, it is automatically activated 
after that sensors have sensed the proper positioning of 
the medium 130. or by user selection of the feeding 
operation from the front panel 118, or. as in this emtxxi- 
iment, by closing the cover 1 22. 
[0095] Once that feeding step is activated, the over- 
drive wheels 340 start to move clockwise in order to 
advance the medium 130 towards the main roller 300, 
until the medium 130 itself is engaged between the 
main roller and the pinch wheels 310. The vacuum is 
maintained on to transmit the traction force from the 
overdrive wheels 340 to the medium 130. 
[0096] As soon as main roller is fed with the 
medium 130, conventional steps are carried on in order 
to remove the medium 130 from the platen 400 and to 
convey the medium 130, into a feeding guide for a sub- 
sequent printing phase. Finally, the vacuum source is 
switched off. 
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PRINTING OPERATION 

[0097] When a printing operation is activated, the 
main roller 300 in co-operation with the pinch rollers 310 
arxJ other conventional elements of the printer 110. 
starts to convey the medium, from the feeding guide, 
across the print zone defined onto the platen 400. Con- 
temporarily, the vacuum source is switched on, at a 
power according to the kind of media employed and/or 
to the kind of plot which will be printed. Thus, the vac- 
uum is keeping the medium 130 sut»stantially flat onto 
the print zone 450 defined on the platen 400 to allow a 
quality printing. Preferatdy, before starting printing, the 
main roller is advancing the medium towards the over- 
drive wheels 340, to have the medium engaged by 
them. In fact, as already explained, the medium should 
be tensioned in the media direction X to keep the cockle 
wrinkles under control. Alternatively, the printing may 
start even if the overdrive wheels 340 are not engaged 
yet with the medium. 

[0098] Once that the medium 130 is also engaged 
by the overdrive wheels the advance of the medium in 
the print zone along the media axis direction X is per- 
formed by a pushing force provided by the main roller 
300, moving counter-clockwise, and the pinch wheels 
310, moving clockwise, and by a pulling force provided 
by the overdrive wheels 340, moving counter-clockwise 
too. 

[0099] Conventional printing steps allow the car- 
riage assembly 100 to move the printheads 102, 104. 
106, and 108, relative to the medium 1 30 along the scan 
axis Y in order to apply ink to the medium 1 30, in one or 
more passes, and so reproducing the desired image. 



[01 00] An outputting operation may be activated for 
Instance a) automatically when a printing operation has 
been completed or akx)rted. or b ) manually by a user 
request. 

[0101] When the operation is activated the printer 
verifies if the medium 1 30 to be outputted is a cut sheet 
or a roll. If the medium 1 30 is a roll a cutting step is per- 
formed. This means that the medium 1 30 is advanced in 
the cutting position and the vacuum source is powered 
on, at 22 V, to hold the medium substantially flat and 
minimise the movement of the same while a blade, not 
show, is traversing the medium 130 along the scan axis 
Y to cut the medium. 

[01 02] If the medium 1 30 is a cut sheet or after that 
the roll has been cut, the medium is advanced in the 
media axis direction X towards the front of the printer 
1 10. i.e. further from the main roller 300. 
[0103] The advancement of the medium is per- 
formed by the counter-clockwise movement of the over- 
drive wheels 340. frictionally engaging a portion of the 
back of the medium 130, due to the negative pressure 
generated by the vacuum source applied to the medium 
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130. If a cut sheet of media 130 is still engaged with the 
main roller 300 and the pinch wheels 310. those ele- 
ments are also co-operating to advance the medium. 

[0104] In case that the printout printed onto the 
medium 130 requires an additional dry time, the over- s 
drive wheels movement is stopped when nrtost of the 
printout is advanced out of the prints, e.g. as shown In 
Figure 1 . The vacuum source is kept on for the required 
time to dry the medium, so holding only an end region of 
the medium 130, preferably having length equal to the io 
width of the medium 130 and about 50 mm in the media 
axis direction X. 

[0105] Finally, the vacuum is switched off to drop 
the medium 130. e.g. into a conventional collecting bin, 
not shown. 75 
[0106] The skilled in the art may appreciate that, in 
accordance to this preferred embodiment, the same 
holddown system, e.g. having one platen and one vac- 
uum source, may be capable of being employed to per- 
form a plurality different operations, such as loading and 20 
fe ding operation, printing operation and outputting 
operation. However, each of this operations may be per- 
formed also using independent holddown systems, i.e. 
independent holddown surfaces and/or independent 
vacuum source. Furthermore, the skilled in the art is 25 
now aware that only some of those operations may be 
performed by means of a vacuum holddown system 
while the remaining ones may be performed employing 
conventional systems. 

30 

Claims 

1 . A hardcopy apparatus comprising a media drive 
roller (300) and a media holddown unit (200), such 
holddown unit (200) comprising a platen (400), and 3S 
a vacuum source (700) for generating negative 
pressure on at least a portion of a medium posi- 
tioned on said platen (400) to keep said portion 
substantially flat on said platen (400). characterised 

in that the holddown unit comprises at least two 40 
vacuum chambers (382, 383, 690, 691 , 692, 693), 
both in air communication with said vacuum source 
(700). each of said vacuum chambers (382, 383. 
690, 691, 692. 693) being capable of applying a 
negative pressure to a different portion of the 45 
medium positioned on a corresponding different 
region of the platen. 

2. A hardcopy apparatus as claimed in claim 1. 
wherein the pressure generated in at least one off so 
the two chambers (382, 693) is independent from 
the pressure generated in the remaining chiamber 
(383. 690) or chambers. 

3. A hardcopy apparatus as claimed in claim 1, ss 
wherein the pressure generated in a number of the 

at least two chambers (383, 690, 691, 692) is sub- 
stantially not affecting the uniformity of the pressure 



in another chamber of the at least two chambers 
(382. 691 . 692. 693). 

4. A hardcopy apparatus as claimed in any preced- 
ing claims, wherein a bypass conduit (381. 680, 
681 , 682) is employed to interface one of the at 
least two chambers (383, 690, 691 , 692) to tiie vac- 
uum source, by passing the remaining chamber 
(382) or chambers (691 , 692. 693). 

5. A hardcopy apparatus as claimed in claim 4, 
wherein each but one of the at least two chambers 
(383, 690. 691 . 692) is interfaced to the vacuum 
source by a substantially independent bypass con- 
duit (381,680. 681,682). 

6. A hardcopy apparatus as claimed in claims 4 or 

5. wherein at least one of the at least two chambers 
(690, 691 , 692) is connected to the con^espondent 
bypass conduit (682, 681, 680) via an aperture 
(660). substantially reducing the air circulation 
toward the vacxium source (700). 

6. A hardcopy apparatus as claimed in any preced- 
ing claims, wherein the vacuum source comprises 
at least a fan (700). 

7. A hardcopy apparatus as claimed in claim 6, 
wherein the vacuum source comprises at least two 
fans in series. 

8. A hardcopy apparatus as claimed in any preced- 
ing claims, wherein substantially the same pressure 
is applied to each different portion of the medium. 

9. A method for holding down a medium when 
placed on a platen in a hardcopy apparatus, com- 
prising a vacuum source, comprising the steps of: 

placing the vacuum source into continues and 
substantially independent air communication 
witii a number of distinct regions of the platen, 
positioning the medium to cover one or more 
regions of the platen, 

applying a negative pressure to the back of the 
medium via tiie independent air communica- 
tion between the vacuum source and each 
region of the platen covered by the medium. 

10. A method as claimed in claim 9 wherein said 
negative pressure is substantially uniformly applied 
to the back of the medium. 
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(57) A hardcopy apparatus comprising a media 
holddown unit, having a platen (400), and a vacuum 
source (700) for generating negative pressure on a 
medium positioned on said platen (400) to keep it flat on 
said platen (400), the unit comprises at least two vac- 
uum chambers (382, 383, 690, 691, 692, 693), both in 
air communication with the vacuum source. Each of 
said vacuum chambers (382, 383, 690, 691, 692, 693) 
can apply a negative pressure to a different portion of 
the medium positioned on a con-esponding different 



region of the platen. A method for holding down a 
medium when placed on said platen. First the vacuum 
source is placed into independent air communication 
with a number of distinct regions of the platen, then the 
medium is positioned to cover one or more regions of 
the platen, and finally a negative pressure is applied to 
the back of the medium via the independent air commu- 
nication. 
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